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Abstract
Some recent evidence for the existence of dynamic, metallic stripes in the 214-family of cuprates is reviewed. The
mechanism of stripe pinning is considered, and changes in the charge density within stripes between the pinned and
dynamic phases is discussed. From a purely experimental perspective, dynamic charge stripes are fully compatible
with nodal “quasiparticles” and other electronic properties common to all superconducting cuprates.
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1. Introduction
It is currently fashionable to consider phases that
compete with superconductivity in the cuprates. These
may be invoked to explain the pseudogap, or to char-
acterize the state within a vortex core. Charge and
spin stripes represent a specific type of order that has
been experimentally observed to compete with super-
conductivity [1,2], to be pinned by vortices [3,4], and
to be pinned by Zn impurities [5].
It has been speculated that dynamic stripes may un-
derly the superconducting state, and, indeed, a plau-
sible mechanism for superconductivity based on stripe
correlations has been proposed [6,7]. In this paper, I
review some of the evidence from cuprates in the 214
family that dynamic stripes exist and are metallic. The
cause of stripe pinning and anomalies in the pinned
state are also discussed.
2. Evidence for the stripe-liquid phase
While ordered charge stripes can coexist with super-
conductivity [1], stripe order is bad for superconduc-
tivity [2]. If stripes are to have a positive relevance to
superconductivity in the cuprates, then they must be
able to exist in a dynamic form. It has recently been
shown that the insulating diagonal stripes of the lay-
ered nickelates can melt into a liquid phase [8]. The
continuous evolution of the magnetic correlations from
the ordered state to the disordered state provides di-
rect evidence for dynamic charge stripes.
To obtain similar evidence for dynamic stripes in
cuprates, inelastic neutron scattering experiments
have been performed on La1.875Ba0.125CuO4. Fujita
et al. [9] have successfully grown a single crystal of
this composition. The structure transforms from the
low-temperature-orthorhombic (LTO) phase, common
to La2−xSrxCuO4, to the low-temperature-tetragonal
(LTT) phase on cooling through 60 K. Superlattice
peaks characteristic of charge and spin stripe order
appear below ∼ 50 K [9,10].
At 30 K, well within the stripe-ordered regime, the
inelastic measurements reveal, in ω-Q space, magnetic
excitations rising steeply out of the superlattice posi-
tions (the measurements extend up to 12 meV) [10].
The scattering is fairly sharp in Q, and the intensity,
corrected for the Bose factor, is independent of ex-
citation energy, consistent with what one would ex-
pect forQ-integrated spin waves. On warming through
the stripe melting transition and into the LTO phase,
the magnetic excitations evolve continuously. At 65 K,
the scattering peaks measured at a given energy have
shifted to a slightly smaller splitting from the antiferro-
magnetic wave vecter, they have broadened inQwidth,
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and there is a loss of low-energy weight in the Bose-
factor-corrected intensity. (Similar results have been
obtained on La1.48Nd0.4Sr0.12CuO4 by Ito et al. [11].)
The incommensurate magnetic excitations in the
LTO phase are clearly connected with the magnetic
order in the LTT phase. Given that the spin order is
tied to charge-stripe order, it follows that the mag-
netic excitations in the disordered state provide direct
evidence for dynamic charge stripes. The similarity of
the spin correlations observed in La1.875Ba0.125CuO4
with those found in La2−xSrxCuO4 [12,13] strongly
indicates that dynamic stripes are a common feature
of the 214 cuprates.
3. Stripe pinning mechanism
Kivelson, Fradkin, and Emery [14] have proposed
that dynamic stripes may be thought of in terms of
an electronic liquid-crystal model. Within this model,
each charge stripe is modeled as a one-dimensional
electron gas, and there is a competition between in-
stabilites towards charge-density-wave (CDW) corre-
lations and superconductivity within the stripes. Fluc-
tuations of the stripes favor two-dimensional supercon-
ductivity, but pinning of straight, parallel stripes would
lead to CDW order.
Hasselmann, Castro Neto, and Morais Smith [15]
have analyzed a model for the coupling between longi-
tudinal charge dynamics with transverse fluctuations
for a single stripe. They find that a zig-zag transverse
lattice potential can induce a 4kF CDW state within
the stripe. Such a transverse potential occurs within
the CuO2 planes of the LTT phase due to the modu-
lations of the positions of the in-plane oxygens along
the c axis. Thus, one might expect static stripe order
in the LTT phase to be correlated with the appearance
of a CDW gap in the optical conductivity. (4kF CDWs
within charge stripes have also been considered by Za-
anen and Oles´ [16].)
Dumm et al. [17] have measured the in-plane optical
conductivity in stripe ordered La1.275Nd0.6Sr0.125CuO4
vs. temperature. (Related results have been re-
ported by Tajima et al. [18].) Down to 32 K the
results look very similar to those for superconducting
La1.875Sr0.125CuO4, but at 5 K one observes a peak
at finite frequency (∼ 8 meV). Although Dumm et
al. [17] have interpreted this feature in terms of local-
ization effects, it also appears qualitatively consistent
with CDW behavior.
4. Evidence that stripes are metallic
It has been argued above that stripe correlations
are common among the 214 cuprates. One expects the
existence of stripe correlations to have a strong im-
pact on the electronic excitations [19]. Thus, it follows
that characterizations of the electronic properties of
La2−xSrxCuO4 should reflect the nature of dynamic
stripes.
The in-plane optical conductivity observed for
La2−xSrxCuO4 [17,18,20] looks quite similar, in both
frequency and temperature dependence, to that mea-
sured on cuprates with higher superconducting transi-
tion temperatures [21]. Angle-resolved photoemission
measurements on La2−xSrxCuO4 [22] reveal a distri-
bution of spectral weight near the Fermi surface that
is very similar to that measured on optimally-doped
Bi2Sr2CaCu2O8+δ [23]. In particular, spectral weight
is found near the “nodal” point even in stripe-ordered
La1.4−xNd0.6SrxCuO4 [22].
The existence ofmetallic properties in La2−xSrxCuO4
indicates that the dynamic charge stripes must be
metallic. The fact that the electronic response of
this material is essentially the same as that of other
cuprates, together with the idea that stripes should
influence the electronic properties, suggests that stripe
correlations (or a related form of instantaneous charge
inhomogeneity) could be ubiquitous in the supercon-
ducing cuprates. Further evidence for stripe correla-
tions in a variety of cuprates is reviewed in [19].
5. Mid-gap states associated with stripes
Theoretical analyses of cuprates have predicted that
the dopant-induced states associated with stripes (or
more general forms of charge inhomogeneity) should
appear within the charge-transfer gap of the parent in-
sulator [24,25,26]. Such a concept should also apply to
the diagonal charge stripes found in La2−xSrxNiO4+δ;
indeed, the schematic density of states shown in Fig. 1
has been used recently to explain the mid-infrared
peaks observed in optical conductivity [27]. The mid-
gap states in the nickelates are empty at low tempera-
ture [28], so that these materials are insulating.
In contrast to the nickelates, one expects that or-
dered vertical stripes in the cuprates should be pre-
cisely 1
4
-filled with electrons, as indicated in Fig. 2.
In this case, there is electron-hole symmetry, so that
the off-diagonal conductivity should go to zero [29,30],
as observed in the Hall-effect study of stripe-ordered
La1.4−xNd0.6SrxCuO4 by Noda et al. [31]. The anoma-
lous vanishing of the Hall coeficient occurs only when
the stripes are ordered, as in the LTT phase; the Hall
coefficient behaves “normally” in the LTO phase. To
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Fig. 1. Schematic diagram of the electronic density of states
associated with charge stripes in La2−xSrxNiO4+δ [27].
reconcile this “normal” behavior with the existence
of dynamic stripes, it is necessary to take account of
the shift of the incommensurability with temperature
measured by inelastic neutron scattering [10,11]. The
incommensurability is proportional to the density of
stripes. If the density of stripes changes while the net
density of holes associated with stripes remains un-
changed, then the electron (or hole) filling of the stripes
will change. Any deviation from the precise 1
4
filling
of the ordered state will break particle-hole symmetry,
and hence the anomalous Hall effect will disappear.
The variation in stripe-filling in the dynamic phase is
also consistent with frustration of the CDW instability
by stripe fluctuations [14].
6. Conclusion
We have seen that there is strong evidence that
dynamic stripes exist in La2−xSrxCuO4 and related
cuprates. In such materials, photoemission studies
show the existence of nodal “quasiparticles”, and the
optical conductivity looks similar to that of many
other superconducting cuprates. Pinning of stripes to
lattice modulations appears to be associated with a
CDW instability within the stripes. Changes in the
electronic charge density within the charge stripes are
correlated with the differences between pinned and
dynamic stripes.
Experimentally, dynamic charge stripes are found to
be compatible with the typical electronic properties of
most cuprates. Of course, features such as nodal quasi-
particles do not arise naturally out of theoretical mod-
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Fig. 2. Schematic diagram of the electronic density of states
associated with charge stripes in cuprates.
els that focus on the one-dimensional nature of stripes.
Thus, there remains a theoretical challenge to under-
stand how the electronic properties of cuprates can
be derived from dynamic stripes. It should be kept in
mind that a lack of theoretical understanding does not
invalidate the experimental case for metallic dynamic
stripes.
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